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© Method and system for updating of control parameter value indicative of master clutch point of 
incipient engagement. 



© An improved automatic clutch control system for 
controlling a vehicle master clutch (16) drivingly in- 
terposed a throttle controlled engine (14) and a 
change gear transmission (12) in an automatic/semi- 
automatic mechanical transmission system (AMT) is 
provided. A monitored clutch parameter (CPV) is 
compared to a reference value (IEPCPV) to deter- 
mine the expected point of incipient engagement of 
the clutch. The reference value is periodically up- 
dated, to compensate for wear and the like. 
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METHOD AND SYSTEM FOR UPDATING OF CONTROL PARAMETER VALUE INDICATIVE OF MASTER 

CLUTCH POINT OF INCIPIENT ENGAGEMENT 



BACKGROUND OF THE INVENTION: 



Field of the Invention: 

The present invention relates to clutch controls 
for automatically controlling the engagement and 
disengagement of transmission system master 
clutches and in particular relates to clutch controls 
for master clutches utilized with automatic; semi- 
automatic mechanical transmission systems. More 
particularly, the present invention relates to an im- 
proved automatic clutch control method and sys- 
tem, typically having a modulated engagement 
mode wherein the master friction clutch is moved 
rapidly from the fully disengaged position to the 
position of almost incipient, or about incipient, en- 
gagement and then fully engaged in a modulated 
manner and wherein the position of almost incipient 
or incipient engagement is determined by the value 
of a monitored clutch parameter, which value is 
periodically updated usually in a vehicle start-up 
routine, to adjust value of the parameter for wear, 
adjustments or the like. 



Description of the Prior Art: 

The use of automatic and/or semi-automatic 
transmissions of both the automatic mechanical 
type utilizing positive clutches and of the planetary 
gear type utilizing frictional clutches is well known 
in the prior art, as are control systems therefor. 
Electronic control systems utilizing discrete logic 
circuits and/or software controlled microprocessors 
for automatic transmissions wherein gear selection, 
shift execution and/or shift decisions are made 
based upon certain measured and/or calculated 
parameters such as the presence of a transmission 
gear neutral condition, vehicle speed (or transmis- 
sion output shaft speed), transmission input shaft 
speed, engine speed, rate of change of vehicle 
speed, rate of change of engine speed, throttle 
position, rate of change of throttle position, full 
depression of the throttle (i.e. "kickdown"), ac- 
tuation of the braking mechanism, currently en- 
gaged gear ratio, and the like are known in the 
prior art. Examples of such automatic/semi-auto- 
matic transmission control systems for vehicles 
may be seen by reference to U.S. Pat. Nos. 



4,722,248; 
4,595,986; 
4,425,620; 
4,253,348; 



4,722,237 
4,361,060 
4,463,427 
4,038,889 



4,676,115 
4,551,802 
4,081,065 
4,226,295; 



4,648,290 
4,527,447; 
4.073,203 
3,776,048 



4,208,929; 4,029,061 ; 3,974,720; 3.478,851 ; 
3,942,393 and 4,595,986, the disclosures of which 
are ail hereby incorporated by reference. 

The automatic controls for the master clutches 

5 thereof are known in the prior art as may be seen 
by reference to U.S. Pat. Nos. 3,478,851; 
3,752,284; 4,019,614; 4,038,889; 4,081,065; 
4.361,061 and 4,401,200, the disclosures of which 
are hereby incorporated by reference. 

w Referring specifically to the automatic clutch 

control, in a vehicle equipped with an 
automatic/semi-automatic mechanical transmission, 
during normal operation, when starting from at rest 
or operating at a very low speed, the master fric- 

75 tion clutch is modulated between fully disengaged 
and fully engaged conditions, i.e. is partially en- 
gaged, according to certain input parameters, to 
maintain the engine speed at a set value above idle 
speed and/or to achieve smooth starts. Typically, 

20 the set engine speed value is throttle position mod- 
ulated to provide appropriate starting torque and 
the clutch is moved toward engagement and dis- 
engagement respectively, as the engine speed in- 
creases above and falls below, respectively, the set 

25 engine speed value. 

In another system, see above mentioned U.S. 
Patent No. 4,081,065, the clutch is modulated in 
accordance with throttle position, engine speed and 
engine acceleration. 

30 While the above automatic mechanical trans- 

mission systems are considered to be highly ad- 
vantageous, they are not totally satisfactory as, in a 
modulated engagement mode, such as during a 
start from stop operation, the engagement of the 

35 clutch was modulated for its entire travel from fully 
disengaged to fully engaged condition rather than 
moving quickly to almost the incipient engaged 
condition and then modulating to full engagement 
and/or did not periodically measure and update the 

40 incipient engagement point to adjust for wear, out 
of adjustment conditions and the like and/or sensed 
the occurence of actual incipient engagement and 
thus could not cease rapid engagement until some 
period of time after incipient engagement occured. 

45 The term "incipient engagement" of the master 
clutch refers to the clutch condition wherein the 
friction surfaces are almost or just at the point of 
contact. 

Movement of the clutch actuators from the fully 
so disengaged to the incipient engagement position in 
any manner other than the fastest possible manner 
is undesirable as control of the system, i.e., control 
of engine and/or input shaft speed, by varying 
amount of clutch engagement (i.e. slip) is not pos- 
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sible during this portion of actuator movement and 
delays in achieving at least incipient engagement 
make closed loop control of the system more dif- 
ficult. This is especially true as movement from the 
fully disengaged condition to incipient engagement 5 
may require up to about fifty percent (50%) of the 
total actuator disengagement and up to about thirty 
five percent (35%) of the full actuator supply pres- 
sure. 

Failure to periodically monitor and update the w 
point of incipient engagement, as determined by a 
monitored clutch actuator parameter such as ac- 
tuator pressure and/or a lever position, is undesira- 
ble as wear of the friction surfaces and/or mechani- 
cal actuator members, misadjustments of the me- 75 
chanical members, manual or automatic adjust- 
ments and the like, can cause a relatively large 
variance of the value of the control parameter cor- 
responding to incipient engagement By way of 
example only, in a typical automatic transmission 20 
system utilizing a fluid pressure applied, spring 
released clutch actuator mechanism, about 60 psig 
actuator pressure is required to fully engage the 
clutch and about 25 psig actuator pressure is re- 
quired to reach the point of incipient engagement 25 
It has been found that the pressure to reach incip- 
ient engagement may vary by as much as five or 
six psig during operation of the system before 
manual adjustment of the clutch is required. 

An automatic clutch control system including 30 
means to move the controlled friction clutch from 
the fully disengaged condition towards the fully 
engaged condition as rapidly as possible, until 
sensing actual initial engagement of the clutch fric- 
tion linings, is disclosed in above-mentioned U.S. 35 
Patent No. 4,401,200. While this prior art system is 
an improvement over the previously existing sys- 
tems, this system is not totally satisfactory as ac- 
tual initial clutch engagement must occur and be 
sensed to initiate a change from the most rapid to 40 
a modulated engagement mode of operation and 
thus, due to sensing and change in mode of opera- 
tion delays, the rapid clutch engagement is not 
limited to the free travel take-up only. Also a value 
of a monitored clutch actuator parameter, such as 45 
actuator pressure and/or lever position, correspond- 
ing to expected initial or incipient engagement is 
not set. Such a value, in addition to permitting most 
rapid clutch engagement to occur only until just 
prior to expected incipient engagement, provides a so 
parameter which can be updated and compared to 
previously determined values to sense system 
damage and/or operating errors. 

U.S. Patent No. 4,646,891, the disclosure of 
which is hereby incorporated by reference, dis- 55 
closes a clutch control system for sensing the 
value of a monitored parameter, such as actuator 
pressure, corresponding to the master clutch incip- 



ient engagement point by monitoring the value of 
another parameter, such as engine speed, which 
will change in a predictable manner upon master 
clutch incipient engagement 

While this system is effective, it is not a vehicle 
start-up routine, but requires vehicle running down 
road conditions, it is an indirect form of calibration 
and may be occasionally exposed to values of the 
other parameter which change for reasons not re- 
lated to master clutch incipient engagement and/or 
does not utilize an averaging technique to filter the 
current control parameter to sense trends but not 
minor variations in external circumstances. 



SUMMARY OF THE INVENTION: 

In accordance with the present invention, the 
drawbacks of prior art have been overcome or 
minimized by the provision of an automatic master 
friction clutch control method and system, prefer- 
ably for use in an automatic/semi -automatic me- 
chanical transmission system, which typically has a 
modulated engagement mode of operation wherein 
the clutch actuators cause the clutch to move rap- 
idly to the position of incipient or preferably almost 
incipient engagement and then move the clutch to 
a fully engaged position in a modulated manner in 
accordance with sensed, stored and/or calculated 
inputs and predetermined logic rules, wherein the 
point of expected incipient engagement is deter- 
mined by the value of a monitored clutch param- 
eter and is updated periodically to compensate for 
wear and the like. 

The value of the monitored parameter cor- 
responding to master clutch incipient engagement 
is updated during a start-up routine in a manner 
wherein the point of incipient engagement is deter- 
mined in a positive manner and, preferably, the 
value is calculated by a "rolling average" technique 
to filter out extraneous effects and the like. 

The above is accomplished by a 
method/system wherein upon a vehicle start-up, 
i.e., a cold start, the system checks at predeter- 
mined intervals, such as 10 millisecond intervals, 
that the vehicle is stopped and the transmission is 
in neutral. If at any time either of these conditions 
is not true then the master clutch incipient engage- 
ment point update procedure aborts and normal 
transmission processing proceeds. If both condi- 
tions are true, the system validates the stored 
value for the incipient engagement point (this is 
done by comparing the stored value with predefin- 
ed limits, if the current value is outside the limits 
then it is initialized to a default value that approxi- 
mates the correct point), awaits for the engine to 
be running at idle speed and for adequate air 
pressure to be present in the vehicle air system. 
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When these conditions are valid, throttle control is 
temporarily taken away from the driver and the 
following test is run. 

The master clutch is fully disengaged and the 
input shaft of the transmission is brought to a stop 
by applying the input shaft brake. Next, air is 
slowly applied to the clutch actuator (causing the 
clutch to move towards the engaged position) until 
the input shaft is observed to turn against the 
resistance of the brake. When movement of the 
shaft is first detected, the current clutch position is 
noted, the clutch is disengaged, the inertia brake is 
released, and throttle control is returned to the 
driver. 

The noted master clutch position (or other 
monitored clutch control parameter) is where the 
master clutch produces approximately 75 Ib-ft of 
torque (this is the amount of torque the input shaft 
brake is capable of generating and is therefore the 
amount of clutch torque required to overcome the 
brake). The desired point of incipient engagement 
is where the clutch produces approximately 10 Ib-ft 
of torque, making the point found an upper bound 
on the incipient engagement point. Experimental 
results have shown that the actual incipient en- 
gagement point of the clutch can be closely ap- 
proximated simply by subtracting a relatively small 
constant offset from the point where the shaft be- 
gan to turn. This calculation produces a snapshot 
of the clutch incipient engagement point at that 
instant in time. 

The instantaneous clutch incipient engagement 
point varies somewhat due to clutch and flywheel 
temperature and atmospheric conditions. In order 
to filter out extraneous effects that could cause the 
system to perform differently each time the vehicle 
is started an averaging technique is used. The old 
value for the clutch incipient engagement point is 
multiplied by N, a positive number such as 15, 
added to the determined point and then divided by 
N + 1, 16. This produces a low pass filter that 
weights new information only 1/1 5th as highly as 
the old information. This insures that long term 
wear trends are taken into account without the 
system responding erratically due to minor vari- 
ations in external circumstances. 

By storing the updated value of a clutch pa- 
rameter, the clutch may then be caused to assume 
almost the expected incipient condition in a rapid 
unmodulated manner without overshooting the 
point of incipient engagement. 

Accordingly, it is an object of the present in- 
vention to provide an automatic clutch control 
method and system, preferably for an automatic or 
semi-automatic mechanical transmission system, 
wherein the control has a modulated engagement 
mode wherein the clutch is caused to move rapidly 
in an unmodulated manner from the fully disen- 



gaged to almost the incipient engagement position, 
and wherein the reference value of the control 
parameter utilized as an indication of the incipient 
engagement position of the clutch is periodically 

5 updated to compensate for wear and the like. 

This and other objects and advantages of the 
present invention will become apparent from a 
reading of the detailed description of the preferred 
embodiment taken in connection with the attached 

w drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS: 

75 FIGURE 1 is a schematic illustration of an 

automatic mechanical transmission control system 
of the type advantageously utilizing the automatic 
clutch control system of the present invention. 

FIGURE 2 is a cross sectional view of a 

20 typical master friction clutch of the type automati- 
cally controlled by the present invention. 

FIGURE 3 is a symbolic illustration, in the 
form of a flow chart, illustrating a preferred method 
of practicing the present invention. 

25 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT: 

In this disclosure, certain terminology will be 

30 used for convenience and reference only and will 
not be limiting. For example, the terms "forward" 
and "rearward" will refer to directions forward and 
rearward of the transmission or transmission shift 
bar housing assembly as normally mounted in a 

35 vehicle. The terms "rightward" and "leftward" will 
refer to directions in the drawings in connection 
with which the terminology is used. The terms 
"inwardly" and "outwardly" will refer to directions 
toward and away from, respectively, the geometric 

40 center of the apparatus being described. The terms 
"upward" and "downward" will refer to directions 
as taken in the drawings in connection with which 
the terminology is used. Ail foregoing terms include 
the normal derivatives and equivalents thereof. 

45 Figure 1 schematically illustrates an automatic 

mechanical transmission system 10 including an 
automatic multi-speed compound change gear 
transmission 12 driven by a throttle controlled en- 
gine 14, such as a well known diese! engine, 

so through a friction master clutch 16. An engine 
brake, such as an exhaust brake 17 for retarding 
the rotational speed of engine 1 4 and an input shaft 
brake 18 which is effective to apply a retarding 
force to the input shaft upon disengagement of 

55 master clutch 16 are provided as is known in the 
prior art. The output of automatic transmission 12 
is output shaft 20 which is adapted for driving 
connection to an appropriate vehicle component 
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such as the differential of a drive axle, a transfer 
case or the like as is well known in the prior art. 

The above-mentioned power train components 
are acted upon and/or monitored by several de- 
vices. These devices include a throttle position or 
throttle opening monitor controlled vehicle throttle 
or other fuel throttling device 24, a fuel control 
device 26 for controlling the amount of fuel to be 
supplied to engine 14, an engine speed sensor 28 
which senses the rotational speed of the engine, a 
clutch operator 30 which engages and disengages 
clutch 16 and which also supplies information as to 
the status of the clutch, an input brake operator 31, 
a transmission input shaft speed sensor 32, a 
transmission operator 34 which is effective to shift 
the transmission 12 into a selected gear ratio and 
to provide a signal indicative of the gear neutral 
condition and/or currently engaged ratio, and a 
transmission output shaft speed sensor 36. A ve- 
hicle brake monitor 38 senses actuation of vehicle 
brake pedal 40. 

A transmission operator for an automatic/semi- 
automatic mechanical transmission system may be 
seen by reference to U.S. Patent No. 4,445,393, 
the disclosure of which is hereby incorporated by 
reference. The above-mentioned devices supply in- 
formation to and/or accept commands from a cen- 
tral processing unit or control 42. The central pro- 
cessing unit 42 may include analogue and/or digital 
electronic calculation and logic circuitry, the spe- 
cific configuration and structure of which forms no 
part of the present invention. The central process- 
ing unit 42 also receives information from a shift 
control assembly 44 by which the vehicle operator 
may select a reverse (R), neutral (N), or forward 
drive (D) mode of operation of the vehicle. An 
electrical power source (not shown) and/or source 
of pressurized fluid (not shown) provides electrical 
and/or pneumatic power to the various sensing, 
operating and/or processing units. A fault indicator 
or alarm 46 may display the identity of a specific 
fault or simply signal the existence of an unidenti- 
fied fault. Drive train components and controls 
therefor of the type described above are known in 
the prior art and may be appreciated in greater 
detail by reference to above-mentioned U.S. Patent 
Nos. 4,445,393; 4,361,060; 3,776,048, 4,038,889; 
4,226,295; 4,702,127 and 4,722,237. 

Sensors 22, 28, 32, 36, 38 and 44 may be of 
any known type of construction for generating ana- 
logue or digital signals proportional to the param- 
eter monitored thereby. Similarly, operators 17, 18, 
26, 30 and 34 may be of any known electrical, 
hydraulic, pneumatic or electropneumatic type for 
executing operations in response to command sig- 
nals from processing unit 42 and/or for providing 
input signals thereto. Fuel control 26 will notmally 
supply fuel to engine 14 in accordance with the 



operators setting of throttle 24 but may supply a 
lesser (fuel dip) or greater (fuel boost) amount of 
fuel in accordance with commands from control 
unit 42.. 

5 As is known, the purpose of the central pro- 

cessing unit 42 is to select, in accordance with a 
program, the optimal gear ratio at which the trans- 
mission should be operating and if necessary to 
command a gear change, or shift, into the selected 

10 optimal gear ratio based upon the current and/or 
stored information. The commands comprise com- 
mands to the transmission operator 34 to engage a 
desired gear ratio, to throttle control 26 to control 
the speed of the engine and to clutch operator 30 

75 for proper operation of master clutch 16. 

A typical master friction clutch 16 of the type 
to be automatically controlled by the automatic 
clutch control system of the present invention may 
be seen by reference to Figure 2. It is understood, 

20 of course, that the specific construction of the 
clutch and actuator therefore are shown for illustra- 
tive purposes and that the control system of the 
present invention is suitable for use in connection 
with clutches and/or operators therefor of differing 

25 structure. Clutch 16 illustrated is a typical two plate 
mechanical spring applied clutch which is mounted 
to an engine flywheel 48. Internal lugs 50 on the 
inner radius of the fly wheel 48 correspond to slots 
in the clutch pressure plate 52 and intermediate 

30 plate 54 causing these elements to rotate at engine 
speed. They are, however, free to move in an axial 
direction. Clutch driven discs 56 are splined to the 
transmission input shaft 58. Clutch torque is pro- 
vided by engaging springs 60 acting through levers 

35 62 to apply a pressure to pressure plate 52. This 
pressure squeezes the driven discs 56 and inter- 
mediate plate 52 between the pressure plate 52 
and intermediate plate 54. The magnitude of the 
clutch torque is proportional to this pressure. 

40 The force provided by the spring 60 on the 

pressure plate 52 can be controlled by the axial 
position of the throw out bearing assembly 64. 
Throw out bearing assembly 54 can be moved in 
the axiai direction by a control lever 66 mounted on 

45 a shaft 68. The shaft 68 is mounted in a clutch 
housing such that pivotal movement of the clutch 
control lever 66 will cause an axial movement of 
the throw out bearing assembly 64. In this manner, 
movement of control lever 66 can vary the force on 

so pressure plate 52 and therefore the available clutch 
torque. A magnetic pickup 28 is mounted in the 
clutch housing and detects tooth passage of the 
gear teeth 70 located on the outer radius of the 
engine flywheel 48 to provide a signal proportional 

55 to engine speed. 

Pivotal movement of the control lever 68 is 
controlled by a piston, cylinder and control valve 
assembly 72. Lever 68 and assembly 72 comprise 
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the clutch actuator 30. Control valve V may, as 
disclosed in above-mentioned U.S. Patent Nos. 
4,081,065 and 4,361.060 comprise fine and course 
ports for modulated and rapid movement of lever 
68. A sensor 74 for sensing clutch actuator pres- 
sure and/or a sensor 76 for sensing lever/piston 
position may be provided for providing input sig- 
nals to CPU 42. 

The automatic clutch control system of the 
present invention, when utilized in connection with 
an automatic mechanical transmission system, 
comprises a portion of the central processing unit 
42. As indicated above, the clutch control system 
of the present invention may be separate and dis- 
tinct from any transmission control devices. The 
central processing unit may utilize discrete logic 
components or a programmed (by means of soft- 
ware and/or firmware) microprocessor, (f a micro- 
processor is utilised, the discrete logic 
components/circuits, such as comparators, etc., are 
replaced by algorithm routines, etc., as is known in 
the prior art. 

The automatic clutch control system of the 
present invention is provided to automatically con- 
trol the master friction clutch 16 connecting to an 
engine 14 to a mechanical change gear transmis- 
sion 12. Change gear transmissions are well known 
in the prior art and an example thereof may be 
seen by reference to U.S. Patent No. 3,105,395, 
the disclosure of which is hereby incorporated by 
reference. The automatic clutch control system of 
the present invention controls operation of the 
clutch to engage and disengage same in accor- 
dance with certain current and/or stored param- 
eters and logic rules. The automatic clutch control 
system preferably will be similar to the clutch con- 
trol systems illustrated and described in above- 
mentioned U.S. Patent Nos. 4,401,200; 4,361,060; 
4,081 ,065 and 3,752,284. 

The automatic clutch control will typically have 
several modes of operation, namely, a start from 
stop mode of operation wherein the clutch is en- 
gaged in a modulated manner and several gear 
change modes of operation when a vehicle trans- 
mission is shifted with the vehicle moving at above 
a given rate of speed. Typically, in the gear shift 
mode of operation, the master clutch is automati- 
cally caused to fully disengage at the initiation of a 
gear shift operation and automatically caused to 
fully re-engage at the completion of a gear shift 
operation at a rate of travel and/or slip which may 
be modulated or unmodulated. A considerably 
greater degree of control, as is well known in the 
prior art, is required for operation of the clutch in 
the start from stop mode of operation. 

Typically, in the start from stop mode of opera- 
tion, the master clutch must be modulated between 
a fully disengaged and a fully engaged condition, 



or maintained at a predetermined partially engaged 
condition, in accordance with certain parameters 
which usually include at least engine speed and 
throttle position, to achieve an acceptably smooth 

5 start without stalling of the vehicle engine. During a 
start from stop operation, the clutch is often main- 
tained in a variably partially engaged condition, i.e. 
allowed a predetermined amount of slip, to main- 
tain the engine speed and/or engine acceleration at 

/o above a predetermined value, which value is typi- 
cally determined by engine idle speed and throttle 
position. Typically, the predetermined value is pro- 
portional to sensed throttle position expressed as a 
percentage of wide open throttle. 

15 In the gear shift modes of operation, if the 

drive line is engaged, the clutch is typically en- 
gaged in a modulated manner to achieve smooth 
engagement. During a downshift, when the clutch 
is engaged with the drive line disengaged to utilize 

20 the engine to increase the input shaft speed to a 
synchronous speed for the transmission gear ratio 
being engaged (i.e. similar to the manual transmis- 
sion double clutch operation), the clutch is typically 
engaged in a rapid, unmodulated manner. 

25 In the modulated modes of clutch engagement, 

especially in the start from stop mode of operation, 
the clutch 16 is utilized as an essentia! control 
element of the automatic/semi-automatic mechani- 
cal transmission system. As the clutch 16 can 

30 exercise no control over the system during that 
portion of engagement when it moves from the 
fully disengaged to the incipient engagement posi- 
tion, it is highly desirable to move the clutch as 
rapidly as possible between these positions during 

35 a modulated clutch engagement operation and to 
then control the degree of engagement of the 
clutch in a modulated manner, according to 
sensed, calculated and/or stored inputs and logic 
rules from the incipient engagement to fully en- 

40 gaged conditions thereof. As the sensing of actual 
incipient engagement of the clutch, and switching 
the actuator from the rapid unmodulated to the 
modulated modes of operation requires a period of 
time, it is highly desirable to have an accurate 

45 means to predict the conditions at which incipient 
engagement will occur, and to switch the actuator 
from the rapid unmodulated to the modulated 
mode of operation just prior to the occurence of the 
predicted condition. To achieve the above, the con- 
so trol must have an accurate means to determine the 
clutch condition corresponding to the clutch incip- 
ient engagement condition. 

Typically, to determine the point of master 
clutch incipient engagement, the value of a control 

55 parameter, such as the reading from position sen- 
sor 76 or pressure sensor 74, corresponding to 
clutch incipient engagement is utilized. 

As the illustrated system utilizes a standard 
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design dry or wet clutch to couple the transmission 
to the engine, during shifts and upon vehicle starts 
it is desirable for the control computer 42 to know 
the location of the clutch incipient engagement 
point Since this point changes over time due to 
clutch wear and adjustment, it is advantageous for 
the system to have a means of determining it 
dynamically, i.e. to update the incipient engage- 
ment point control parameter value ("IEPCPV"). 

The method utilized to update the IEPCPV is 
schematically illustrated in Figure 3. 

Upon a cold start-up of the vehicle, the system 
checks at predetermined (10 millisecond) intervals 
that the vehicle is stopped and the transmission is 
in neutral. If at any time either of these conditions 
is not true then the IEPCPV update procedure 
aborts and normal transmission processing pro- 
ceeds. If both conditions are true the system vali- 
dates the stored value for the IEPCPV (this is done 
by comparing the stored value with predefined 
limits, if the current value is outside the limits then 
it is initialized to a default value that approximates 
the correct IEPCPV, waits for the engine to be 
running at idle speed and for adequate air pressure 
to be present in the vehicle air system. When 
these conditions are valid, throttle control is tem- 
porarily taken away from the driver and the follow- 
ing test or procedure is run. 

The master clutch 16 is fully disengaged and 
the input shaft 58 of the transmission is brought to 
a stop by applying the input shaft brake 18. Next, 
air is slowly applied to the clutch actuator 30 
(causing the clutch to move towards the engaged 
position) until the input shaft is observed (sensor 
32) to turn against the resistance of the input 
brake. When movement of the shaft is first de- 
tected, the sensed value of the control parameter is 
noted, the clutch is disengaged, the inertia brake is 
released, and throttle control is returned to the 
driver. 

The noted clutch position is where the clutch 
produces approximately 75 Ib-ft of torque (this is 
the amount of torque the input shaft brake is ca- 
pable of generating and is therefore the amount of 
clutch torque required to overcome the brake). The 
desired point of incipient engagement is where the 
clutch produces approximately 10 Ib-ft of torque, 
making the point found an upper bound on the low 
pressure point. Experimental results have shown 
that the actual point of the clutch can be closely 
approximated simply by subtracting a relatively 
small constant offset "K" from the point where the 
shaft began to turn. This calculation produces a 
snapshot of the IEPCPV at that instant in time. 

The instantaneous clutch incipient engagement 
point varies somewhat due to clutch and flywheel 
temperature and atmospheric conditions. In order 
to filter out extraneous effects that could cause the 



system to perform differently each time the vehicle 
is started an averaging technique is used. The old 
value for the IEPCPV (IEPCPV Last ) is multiplied by 
N (for example 15), added to the determined point 

5 "IEPCPV sensed M and then divided by N + 1(i.e. 16). 
This produces a low pass filter that weighs new 
information only 1/1 5th as highly as the old in- 
formation. This insures that long term wear trends 
are taken into account with the system responding 

to erratically due to minor variations in external cir- 
cumstances. 

Accordingly, as may be seen, an automatic 
clutch control system, preferably for use in connec- 
tion with a vehicle equipped with an 

75 automatic/semi-automatic mechanical transmission 
system, is provided which includes logic for engag- 
ing the clutch in a modulated manner including 
moving the clutch from the fully disengaged to the 
incipient engagement position rapidly and then fully 

20 engaging the clutch in a modulated manner. The 
point of incipient, or preferably almost incipient, 
clutch engagement is achieved by commanding 
the clutch actuator to assume a condition wherein 
one or more of the monitored/controlled parameters 

25 is caused to assume a value (IEPCPV Las t) cor- 
responding to incipient, or preferably almost incip- 
ient, clutch engagement, which value is periodically 
updated in a positive manner. 

Although the present invention has been set 

30 forth with a certain degree of particularity, it is 
understood that various modification and substitu- 
tion and rearrangement of the components are 
possible without departing from the spirit and the 
scope of the invention as hereinafter claimed. 

35 

Claims 

1. A method for controlling a master clutch (16) 

40 in an at least partially automated mechanical trans- 
mission system (10) for devices having a throttle 
controlled engine (14), a transmission having a 
plurality of gear ratio combinations selectively en- 
gageable between a transmission input shaft (58) 

45 and a transmission output shaft (20), said transmis- 
sion input shaft being operatively connected to said 
engine by means of a seiectabiy engageable and 
disengageabie coupling (16) providing driving con- 
nection between said engine and said input shaft, 

so an input shaft brake (18) for selectively retarding 
the rotational movement of said input shaft, said 
transmission system comprising an information 
processing unit (42) having means for receiving 
and storing a plurality of input signals including (1) 

55 an input signal (CPV) indicative of the position of 
the clutch; (2) an input signal indicative of the 
rotational speed of the transmission input shaft; 
and, (3) an input signal indicative of the rotational 
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speed of the engine, said input signal indicative of 
the position of the clutch having a stored value 
(IEPCPV Last ) indicative of the incipient engagement 
point of the clutch, said processing unit including 
means for processing said input signals in accor- 
dance with predetermined logic rules and for gen- 
erating output signals whereby said transmission 
system is operated in accordance with said pro- 
gram, and means (30,34) associated with said 
transmission system effective to actuate said trans- 
mission system in response to said output signals 
from said processing unit, the method character- 
ized by: 

updating the value of the control parameter value 
indicative of the incipient engagement of the clutch 
(IEPCPV Last ) by. 

at vehicle start-up, if the engine is at idle speed 
and the transmission is in neutral, maintaining the 
engine at substantially idle speed, fully disengaging 
the clutch and applying the input shaft brake to 
stop rotational speed of the input shaft, 
then, while maintaining the input shaft brake ap- 
plied, gradually reapplying the clutch until initial 
rotation of the input shaft is sensed, and 
sensing the value of the signal indicative of the 
position of the clutch (CPV) at the time initial rota- 
tion of the input shaft is sensed. 

2. The method of claim 1 wherein said clutch* 
transfers less torque at the point of incipient en- 
gagement than the torque applied to said input 
shaft by said input shaft brake, and the difference 
in the value of the signal indicative of the position 
of the clutch at the point of incipient engagement 
and at the point wherein the torque transferred by 
the clutch is sufficient to cause the input shaft to 
rotate over the retarding force of the input shaft 
brake is approximately of predetermined magnitude 
(K) whereby the current sensed value of the control 
parameter indicative of the incipient engagement of 
the clutch equals the sensed value of the signal 
indicative of the position of the clutch minus said 
predetermined magnitude (IEPCPV sen sed = CPV-K). 

3. The method of claim 2 wherein said control 
parameter value indicative of the incipient engage- 
ment of the clutch is updated by an averaging 
technique wherein IEPCPV updated = a function of 
[(IEPCPV sensed) + (N1EPCPV, ast )]/(N + 1 ) 
wherein: 

IEPCPU sensed = the value of the input signal indica- 
tive of clutch position at incipient engagement 
sensed in the updating routine; 
lEPCPUias, = the last stored value of the input 
signal indicative of clutch position at incipient en- 
gagement; and 

N = a positive number greater than one. 

4. The method of claim 3 wherein, prior to 
calculating the updated value of the control param- 
eter indicative of incipient engagement of said 



clutch (IEPCPU U pdated). said last stored value of the 
control parameter indicative of incipient engage- 
ment (lEPCPUiasi) is compared to a preset range, 
and if not within said range, an estimated predeter- 
5 mined value of said parameter is substituted for the 
stored value thereof. 

5. The method of claim 1 wherein said control 
system has at least one mode of operation for 
causing said clutch to assume said fully engaged 

io condition in a modulated manner in accordance 
with said input signals and predetermined logic 
rules, said one mode including causing said ac- 
tuator to manipulate said clutch from the fully dis- 
engaged to about the incipient engagement posi- 

15 tion thereof in a nonmodulated rapid manner and 
then manipulate said clutch from the incipient en- 
gagement position to the fully engaged condition in 
a modulated manner. 

6. A control system for controlling a master 
20 clutch (16) in an at least partially automated me- 
chanical transmission system (10) for devices hav- 
ing a throttle-controlled engine (14), a transmission 
having a plurality of gear ratio combinations selec- 
tively engageabfe between a transmission input 

25 shaft (58) and a transmission output shaft (20), said 
transmission input shaft being operatively connect- 
ed to said engine by means of a selectably en- 
gageable and disengageabie coupling (16) provid- 
ing driving connection between said engine and 

30 said input shaft, an input shaft brake (18) for selec- 
tively retarding the rotational movement of said 
input shaft, said transmission system comprising 
an information processing unit (42) having means 
for receiving and storing a plurality of input signals 

35 including (1) an input signal (CPV) indicative of the 
position of the clutch; (2) an input signal indicative 
of the rotational speed of the transmission input 
shaft; and (3) an input signal indicative of the 
rotational speed of the engine, said input signal 

40 indicative of the position of the clutch having a 
stored value (IEPCPV !ast ) indicative of the incipient 
engagement point of the clutch, said process unit 
including means for processing said input signals 
in accordance with predetermined logic rules and 

45 for generating output signals whereby said trans- 
mission system is operated in accordance with said 
program, and means (30,34) associated with said 
transmission system effective to actuate said trans- 
mission system to effect engagement of said gear 

so ratio combinations in response to said output sig- 
nals from said processing unit, the control system 
characterized by: 

means effective for updating the value of the con- 
trol parameter value indicative of the incipient en- 
55 gagement of the clutch (IEPCPV last ) by, 

at vehicle start-up, if the engine is at idle speed 
and the transmission is in neutral, maintaining the 
engine at substantially idle speed, fully disengaging 
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the clutch and applying the input shaft brake to 
stop rotational speed of the input shaft, 
then, while maintaining the input shaft brake ap- 
plied, gradually reapplying the clutch until initial 
rotation of the input shaft is sensed, and 5 
sensing the value of the signal indicative of the 
position of the clutch (CPV) at the time initial rota- 
tion of the input shaft is sensed. 

7. The control system of claim 6 wherein said 
clutch transfers less torque at the point of incipient w 
engagement than the torque applied to said input 
shaft by said input shaft brake, and the difference 

in the value of the signal indicative of the position 
of the clutch at the point of incipient engagement 
and at the point wherein the torque transferred by is 
the clutch is sufficient to cause the input shaft to 
rotate over the retarding force of the input shaft 
brake is of approximately predetermined magnitude 
(K) whereby the current sensed value of the control 
parameter indicative of the incipient engagement of 20 
the clutch equals the sensed value of the signal 
indicative of the position of the clutch minus said 
predetermined magnitude (IEPCPV sense d = CPV-k). 

8. The control system of claim 7 wherein said 
control parameter value indicative of the incipient 25 
engagement of the clutch is updated by an averag- 
ing technique wherein !EPCPV updated = a function 

of [(IEPCPV sensed) + (N*IEPCPV lasl )]/(N + 1) 
wherein: 

IEPCPU S ensed = the value of the input signal indica- 30 
tive of clutch position at incipient engagement 
sensed in the updating routine; 
IEPCPUi ast = the last stored value of the input 
signal indicative of clutch position at incipient en- 
gagement; and 35 
N = a positive number greater than one. 

"9. The method of claim 8 wherein, prior to 
calculating the updated value of the control param- 
eter indicative of incipient engagement of said 
clutch (lEPCPUupdated), said last stored value of the 40 
control parameter indicative of incipient engage- 
ment (IEPCPUi ast ) is compared to a preset range, 
and if not within said range, an estimated predeter- 
mined value of said parameter is substituted for the 
stored value thereof. 45 

10. The method of claim 1 wherein said control 
system has at least one mode of operation for 
causing said clutch to assume said fully engaged 
condition in a modulated manner in accordance 
with said input signals and predetermined logic so 
rules, said one mode including causing said ac- 
tuator to manipulate said clutch from the fully dis- 
engaged to about the incipient engagement posi- 
tion thereof in a nonmodulated rapid manner and 
then manipulate said clutch from the incipient en- 55 
gagement position to the fully engaged condition in 
a modulated manner. 



9 



EP 0 385 629 A2 




Fig. I 



EP 0 385 629 A2 




EP 0 385 629 A2 



VEHICLE START-UP 



.VEHICLE STOPPED AND TRANSMISSION IN N? 



NO 



YES 



EXIT FROM IEPCPV 
UPDATE ROUTINE 




IEPCPV LAST WITHIN PREDEFINED RANGE? 
NO 



YES 



ASSIGN PREDETERMINED VALUE 
TO IEPCPVlast 



A /-""ENGINE AT IDLE AND VEHICLE 
/ \NO AIR SUPPLY 2 REF. ? 

YVCC 



YES 



MAINTAIN ENGINE AT IDLE SPEED, 
FULLY DISENGAGE CLUTCH 16, APPLY INPUT 
SHAFT BRAKE 18, REAPPLY CLUTCH SLOWLY, 
SENSE FIRST INPUT SHAFT 58 ROTATION, 
SENSE VALUE OF CPV 



LET IEPCPV SENSED = CPV-K 



LET IEPCPV Jp0ATED =:[(IEPCPV SENSED + 
(N* IEPCPVla ST )]/(N+I) 




